Introduction
There are many commercial applications, such as mobile radio and wireless communications that use microstrip antennas. Microstrip antennas however have limitations in size, bandwidth, and efficiency. On the other hand, the dielectric resonator (DR) antenna is attractive due to its small-size, high radiation efficient, and ease of excitation. [1] [2] [3] Three dielectric properties of materials must be considered for DR antenna used: a high permittivity, a high quality factor, and a near zero temperature coefficient of resonant frequency. The size of the DR antenna decreases with increasing the permittivity of the dielectric resonator. The quality factor is representative of the antenna losses. Typically there are radiation, conduction, dielectric, and surface wave losses. Therefore the total quality factor is influenced by these losses. The DR antenna offers very high radiation efficiency due to its low dielectric loss and it has no metallic loss. A near zero temperature coefficient of resonant frequency are for high temperature stability.
In traditionally, the DR with relatively small permittivity around 10 is chosen for DR antenna to enhance the radiation capability. [4] [5] [6] [7] [8] [9] [10] However, low profile DR antenna with relatively low resonant frequency can be achieved by using high permittivity. Recently, dual band antenna has been implemented for applications in WLAN (wireless local area network, 2.4-2.484 GHz), ISM (Industrial, Scientific, Medical) and Bluetooth at low band. Additionally, the dual band antenna can be applied at high band, such as HIPERLAN (high-performance radio local area network, 5.15-5.35 GHz) and Unlicensed National Information Infrastructure (UNNI) applied. In this paper, we present the design of a dual band hybrid antenna consists of a rectangular slot and a circular disk high permittivity dielectric resonator for operating at the ISM band and UNNI band. Details of the proposed antenna and experimental results are present. The characteristics of dual band hybrid antenna, such as return loss, input impedance, radiation pattern, and gain, have been measured and discussed.
Design and Measurement
The resonant frequency of the circular disk DR antenna excited at the dominant TM 110 mode is[1]
where ' 11 X =1.841 is the first zero of the equation 0 ) ( ε is the radius, height, and permittivity of the DR, respectively. One advantage of the DR is ease of excitation.
The configuration of the proposed dual band hybrid antenna consists of a rectangular slot and a circular disk high permittivity dielectric resonator is as shown in Fig. 1 . The rectangular RF4 substrate has dimensions of 50.0 × 50.0 mm 2 and thickness of 1.6 mm. The DR is a circular-disk shape fed with microstrip line. The DR can be easily fed by using 50 Ω microstrip line, which is printed on a grounded FR4 substrate. The microstrip feed line is placed below the centerline (y-axis in the figure) of the DR, and impedance matching could be realized by adjusting the length of the microstrip feed line to DR antenna. Therefore, the bandwidth could be adjusted by modifying the length of the microstrip feed line. Dimensions of the microstrip feed line on FR4 substrate were Simulation has been carried out by using a commercial electromagnetic simulator. In simulation, the conducting grounds and the substrates were assumed to be finite in transverse plane. The microstrip feed line was fabricated by using wet etching process. A coaxial connector was soldered to the microstrip feed line to output signal from the dual band hybrid antenna to the port 1 of network analyzer. Reflection coefficient was measured on a PNA-L network analyzer (N5230A). Radiation pattern measurement was measured in a chamber. A standard double ridged horn antenna was used as a transmitting antenna. The dual band hybrid antenna fed with microstrip line is mounted on a position which is controlled by a computer.
Results
The measurement and simulation return loss of the dual band hybrid antenna fed with microstrip line is as shown in Figure 2 . The measurement and simulation frequency range is from 1.0 GHz to 6.0 GHz. The measurement resonant frequencies are 2.41 and 5.26 GHz at the ISM band and UNNI band, respectively. The return loss is -23 and -14 dB at 2.42 and 5.17 GHz, respectively. The simulation resonant frequencies are 2.35 and 5.35 GHz at the ISM band and UNNI band, respectively. The measurement resonant frequency is very close to the simulation resonant frequency. As seen from the measurement results, has a 10 dB return loss with bandwidth 620 MHz (2140-2760 MHz) and 630 MHz (4920-5550 MHz) at the ISM band and UNNI band, respectively. Alternatively, the antenna has a -10 dB S 11 bandwidth of 25 % and 11 %, which covers the required bandwidth 2400-2483.5 MHz and 5150-5350 MHz, respectively. Although the dual band hybrid antenna is composed of high permittivity DR in our study. The bandwidth at the UNNI band due to the circular It is seen from the figure, the cross-polarized patterns are about 15 dB less than the co-polarized patters in the broadside direction (θ = 0 O ). As seen from the Fig. 3 , the radiation patterns at 5.26 GHz due to the circular disk dielectric resonator are broadside in both the E-plane and H-plane. With reference to the figure, the radiation patterns on the DR side are very similar to those of the previous configuration. [12] [13] However, the radiation patterns on the substrate side are quite different. The front-to-back radiation ratio is smaller than 5 dBi, which is smaller than that of the previous configuration. The difference is due to that a backlobe radiation from the slot is produced in our study whereas the previous one dose not. The co-polarization radiation is strongest at ≅ θ 0 O and 5
O from the broadside in the E-plane and H-plane, respectively. Large cross-polarization is observed especially in the H plane. However, large cross-polarization can become an advantage for practical WLAN applications. The wave usually propagates with multiple reflections between the transmitter and receiver, especially in indoor applications.
